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[57] ABSTRACT

A camera tube employs a target comprising a layer of
optically transparent infra-red radiation responsive
material and a layer of photoconductive material
which is scanned, in conventional manner, by an elec-
tron beam. This tube combines the principles of a In-
fra-red image sensor with the more conventional prin-
ciples of a vidicon target.

3 Claims, 3 Drawing Figures
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INFRA-RED RESPONSIVE CAMERA TUBE

This invention relates to an improved camera tube
employing a target comprising a layer of optically
transparent infra-red radiation responsive material and
a layer of photoconductive material which is scanned
by an electron beam.

In U.S. Pat. No. 3,812,396, issued May 21, 1974, an
infra-red image sensing tube is described which em-
ploys an image sensing target which can be a single
crystal of triglycine sulfate (TGS). The TGS target, as
there disclosed, generates a response to the incident

10

radiation by first absorbing it and then using the resul-

tant heat to produce a voltage profile on the electron

gun side of the target which is a replication of the i 1nc1—_ |

dent radiation. |

While this produces the best performance for an
uncooled detector in the far infra-red region (1.e.,
8—14um), in the visible wave-length region its perfor-
mance is much below more conventional image tubes.
This is true for at least two reasons: (1) the effective
guantum efficiency of a pyroelectric detector is always
much less than photon counting or photoconductive
devices; and (2) the resulting heat pattern produced by
the incident radiation can and does spread side-wise
and thus reduces the resolution capabilities of the de-
vice.

It is accordmgly an ob]ect of the invention to prowde
an improved image sensing device employing a ther-
mally responsive target.

In accordance with the invention, a target 1s em-
ployed in an image sensing device which 1s not only
responsive to infra-red radiation but also to visible
radiation thereby combining the principles of the afore-
said infra-red radiation responsive target with the more
conventional principles of a vidicon target. The tube
according to the invention employs a target comprising
a layer of optically-transparent infra-red responsive
material and a layer of photoconductive material which
is responsive to visible radiation, and so positioned that
the photoconductive layer can be scanned by an elec-
tron beam. In addition suitable potentials are applied to
the photoconductive layer and the layer of infra-red
responsive material so that the tube responsivity result-
ing from the visible radiation can have the same or the
opposite sign as the responsivity resulting from the
infra-red radiation.

Preferably, voltages are applied to the photoconduc-
tive layer and the layer of infra-red radiation sensitive
material for which the internal dipole domains within
the latter material will align themselves so that their
positive ends will be pointing toward the source of
infra-red radiation, i.e. the image. Thus, when incident
radiation heats the target, the dipoles will decrease 1n
magnitude and cause the resulting voltage profile on
the electron gun side of the target to be positive. Also,
any radiation absorbed by the photoconductive layer
will reduce the resistance of the layer and cause the
electron gun side of the target to become more posi-
tive.

By proper selection of the photoconductive material,
the electronic method of generating the pedestal cur-
rent is not required.

The invention will be described in greater detail with
reference to the drawing in which:

FIG. 1 shows a known thermal imaging tube;

FI1G. 2 shows a thermal imaging tube according to the
invention;
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FIG. 3 shows a portlon of the target of the tube in

greater detail.

The known tube, as descrlbed in the aforesald patent |
simply includes, with unessential details omitted, an
envelope 1 having a target 2 consisting of a single crys-
tal of triglycerine sulfate- (TGS) mounted at one end
adjacent a window 3 which is infra-red radiation trans-
missive. The inner surface of the window 3, in contact
with the target 2, is provided with a very | thm infra-red
transmissive, electrlcally conductive coatlng, for exam-
ple tin oxide or antimony, which is connected to a
potential source through a resistor 4. When an image is
focussed on the target by a lens 5, a thermal image will
form in the target resulting in a voltage profile on the
opposite side of the target: If that side is scanned by an
electron beam produced by an electron gun 6 having
the usual cathode 7, a signal voltage will be produced
across resistor 5- which can be coupled to a conven-

‘tional pre-amplifier for further processing.

The device described in connection with FIG. 1 rep-
resents the current state of the art. It also has serious
short-comings, namely as pointed out, above. its effec-
tive quantum efficiency is much less than that of a
photoconductive device, although it sees a thermal
image rather than a visible image which may be advan-
tageous otherwise. Moreover, the resulting heat pattern
produced by the incident radiation can, and does
spread laterally and thus reduces the resolution capa-
bilities of the device.

The device according to the mventlon ‘which is shown
in FIG. 2 avoids these disadvantages while retaining
those of the known device, as well as providing addi-
tional advantages.

Basically, the device shown in FIG. 2 employs a new
target which combines the advantages of a thermally
imaging target with those of a photoconductive target
so that the tube can produce a signal corresponding to
both a thermal image and a visible image.

As in the prior art device of FIG. 1, the target gener-
ally designated 10 is positioned at one end of an evacu-
ated envelope 1 having a window 3 transmissive for
infra-red as well as visible radiation. The image is
formed on the target by a lens §8. Similarly, the inner
surface of the window is covered with a very thin infra-
red and light transmissive electrically conductive mate-
rial, e.g. tin oxide which is connected to a source of
positive potential through a resistor 4. An electron gun
6 having the usual cathode 7 for generating an electron
beam 1s provided at the other end of the envelope.

The target 10 comprises a layer 11 of infra-red re-
sponsive material such as TGS which is also transparent
to visible light. On the other side of the TGS layer 11,
a layer 12 of photoconductive material, for example
Sb,S; or PbO 1s provided. This layer which has a sur-
face 13 which may be scanned by the electron beam
responds to incident photons which produces a voltage
profile corresponding to the intensities in the visible
image. .

Provided between the photoconductive layer 12 and
the infra-red sensitive layer 11 are conductive strips 14
which are connected a separate source of potential
through a decoupling resistor 15. These strips may also
be seen 1n FIG. 3 where they are shown covering por-
tions of the infra-red radiation responsive layer 11
(after the photoconductive layer 12 i1s removed).

Providing that the photoconductive layer is thin (~ 1
micron) this target provides responsivity to the infra-
red portion of the incident radiation during scanning by
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the electron beam as described in connection with FIG.
1. However, the visible portion of the incident radiation
would be transmitted through the TGS and be absorbed
in the photoconductive layer.

By applying suitable potentials to the conductive
strips 14 and to the TGS portion of the target, different

responsivities can be obtained.
For example, to obtain responsivities of the same sign

+10 volts may be applied to the conductive strips
through resistor 15 and —10 volts to the TGS through
resistor 4.

With these voltages, the internal dipole domains
within the TGS target will align themselves so that their
positive ends will be pointing toward the infra-red radi-
ation source, i.e. the lens. Thus, when incident radia-
tion heats the target, the dipoles will decrease in magni-
tude and cause the resulting profile on the electron gun
side of the target to be positive. Also, any radiation
absorbed by the photoconductive layer will reduce the
resistance of the layer and cause the electron gun side
to become more positive.

By applying positive potentials of +10 volts and +20
volts, respectively, to the conductive strips and the
TGS layer, the same photoconductive response as de-
scribed would be produced but the opposite responsiv-
ity would be produced from the TGS.

Finally, unlike as described in the above patent, by
proper selection of the photoconductive material, the
electronic method for generating the pedestal current
is not required.

What is claimed is:
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1. A camera tube comprising an evacuated envelope,
an electron gun within said envelope for producing an
electron beam, and an image sensing target disposed
within said envelope to be scanned by said electron
beam, said target comprising a transparent, electrically
conductive layer, an optically transparent layer of in-
fra-red radiation responsive material on said layer and
disposed to receive a visible and infra-red image and
transmit the visible image while converting the infra-
red image into a voltage profile, said target further
comprising a layer of photoconductive material dis-
posed to receive the transmitted visible image and con-
vert the same into a potential image which is scanned
by the electron beam, a plurality of conductive Strips
between said optically transparent layer and said pho-
toconductive layer, means to apply a potential to the
photoconductive layer and the infra-red radiation re-
sponsive layer at which the electron beam lands on the
photoconductive layer reducing the layer at the point
of landing to cathode potential whereby a signal 1s
produced corresponding to the light intensity and In-
tensity of infra-red radiation at said landing point.

2. A camera tube as claimed in claim 1 wherein the
signals produced, respectively, by the photoconductive
layer and the infra-red responsive layer have the same
algebraic sign.

3. A camera tube as claimed in claim 1 wherein po-
tentials are applied, respectively, to the photoconduc-
tive layer and the infra-red radiation responsive layer
for which internal dipole domains will align themselves
with their positive ends pointing toward the infra-red

radiation.
¥ - * - - ¥
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